, as P ro fesso r o f M ech an ical S ciences an d H e ad o f th e D e p a rtm e n t o f E n g in ee rin g , an d as a P ro fesso rial F ellow o f C lare C ollege, w h ere he h ad b een an u n d e rg ra d u a te . In th e conflict o f in te re sts, so m etim es triv ial, so m etim es p a in fu l, b etw een ' U niversity* and ' C o lle g e ', B aker w as clear, at least officially, as to w here his d u ty lay. H is staff was large-E n g in ee rin g form s one te n th o f th e U n iv e rsity o f C am b rid g e , an d co n su m es p ro p o rtio n a te ly m o re th a n one te n th o f its reso u rces-an d his staff w ere in d e m an d , as m e n o f affairs, for various C ollege offices. H e p re te n d e d to d ep lo re th is, an d w o u ld occasionally, in th e D e p a rtm e n ta l C o m m o n R oom , rail ag ain st th e C ollege system , w hich seduced his le ctu rers aw ay fro m th e ir tasks o f teach in g and research to th e tim e -c o n su m in g offices o f B u rsar o r T u to r. In fact, w hen a y o u n g le c tu re r-an d all his le ctu rers w ere, to B aker, y o u n g -w hen a y o u n g le c tu re r w o u ld su m m o n th e courage to confess th a t a C ollege was p ro p o sin g an a p p o in tm e n t o f th is so rt, B aker was n o t alto g eth er displeased. H e took im m en se pains w ith th e a p p o in t m e n t of his staff; he w as qu ick to te rm in a te e m p lo y m e n t o f th o se w ho d id n o t m eet his h ig h stan d a rd s, in a w ay th a t is n o t possible in th ese m o re b u re a u c ra tic tim e s; and he gave u n stin tin g s u p p o rt to th o se he th o u g h t o f as his team . If one o f these sh o u ld catch a C ollege's eye, it was only co n firm atio n of th e q u alities of those in his D e p a rtm e n t.
In 1943 th e E n g in eerin g D e p a rtm e n t was staffed by 24 lectu rers, and th e re w as one o th e r chair. In 1986 th e re w ere 120 teach in g staff, o f w hom 15 w ere professors, and th is g ro w th was fo stered by B aker d u rin g his 25-year te n u re o f the H e ad sh ip . O f course th e expansion was p a rt o f th e 3 general explosion of the physical sciences in th e p erio d after W o rld W ar II , and B aker fo u n d him self paying a price for his ow n severe criteria for a p p o in tm e n t to his staff. T h e fu n ctio n of a le ctu rer was to teach, and, because it was engineering th a t was being ta u g h t, th e can d id ate h ad to have served his tim e in in d u stry so th a t he could in fo rm his teach in g w ith th e real blood of engineering ra th e r th a n th e d ry d u st o f academ e. A bove all, th e candidate should be w illing and able to do research. M em b ers o f staff w ho m et these criteria w ere w hat C am b rid g e needed, an d B aker tre a su red th e m ; they w ere also w hat th e exp an d in g u n iv ersities need ed , and as fast as B aker re c ru ite d his staff, so th ey w ere p ro m o ted to chairs ro u n d th e c o u n try and abroad. In d eed , B aker was co n su lted in these m atters, and th ere w ere, in th e 1950s and 1960s, few a p p o in tm en ts m ade in th e engineering d e p artm en ts of this c o u n try w ith o u t B aker's advice.
Baker took im m ediate steps in 1943 to pro v id e facilities for research in his D e p artm en t. By 1944 and 1945, w hen a re tu rn to no rm al life after th e w ar could be foreseen, a com plete review of th e teaching p ro g ram m e was m ade. As a resu lt th e tw o -p a rt T rip o s cam e into being in 1946, and rem ain ed virtually un ch an g ed th ro u g h o u t B aker's te n u re of th e chair. B aker was on the one h an d follow ing th e academ ic p recep ts of his predecessor, Inglis, and on the o th e r he was revitalizing th e syllabus to accom m odate the increasing dem ands of technological change.
In all this, as indeed in all innovative action in C am b rid g e, B aker h ad to carry th e F aculty w ith him . T h e U n iv ersity is th e m ost dem ocratic of in stitu tio n s and appears to have no levers of p ow er readily accessible. Its F acu lty B oards, how ever, respond to leadership, and the fact th a t a revised T rip o s stru c tu re , for exam ple, had to be argued step by step th ro u g h the B oard en su red th a t, at the finish, th e new v en tu re w ould be em braced w ith enthusiasm .
A n exam ple is the ex trao rd in ary statem en t of needs p re p a red by B aker and agreed to by the F aculty B oard very early in 1944, fo u r o r five m o n th s after B aker had taken office. In addition to the com plete review of th e T rip o s, th e F aculty B o ard 's re p o rt proposed th e in tro d u ctio n of p o st graduate courses, an increased em phasis on research, and increased facilities for research stu d en ts. T h e re p o rt pro p o sed a n ear d o u b lin g of the teaching staff. T h e re p o rt proposed new laboratories, new w orkshops and new lecture room s. It was in fact a b lu e p rin t for the developm ent, on an u n p reced en ted scale, of teaching and research in engineering in C am bridge. Baker saw to it th a t every single objective, how ever seem ingly u n attainable, was in fact am ply attained.
T h e constru ctio n of th e first postw ar build in g s shows clearly how B aker w ent about things. T h e 1944 program m e had been su b m itted to th e U n iv ersity, b u t it was know n th a t no go v ern m en t fu n d s w ould be available for b u ilding in educational establish m en ts u n til 1947. H ow ever, by 1945 Baker had p ersuaded th e U n iversity to ap p o in t an architect. As a result, w hen resources becam e unexpectedly available in 1946, th e E ngineering D e p artm en t, alone in the U niv ersity , had plans ready, and
o m p le te p ro p o sa ls fo r th e w h o le site w ere re a d y by 1948, a n d a y e a r la te r th e m a in n ew b lo ck w as s ta rte d , th e b lo ck to b e o p e n e d b y H .R .H . T h e D u k e o f E d in b u rg h in 1952, a n d k n o w n n o w as B ak er B u ild in g .
In su c h m a tte rs B aker alw ays th o u g h t o f h im s e lf as a lu ck y m a n , o ne o n w h o m c h an c e h a d b e sto w e d fa v o u rs. B ak er w as a g o o d m a th e m a tic ia n ; h is first b o o k w as o n d ifferen tia l e q u a tio n s, a n d h e h a d a k een in te re s t in p ro b a b ility , in th e d is trib u tio n o f floor lo ad s in office b u ild in g s , fo r e x am p le, o r th e w in d forces o n sk y sc ra p ers. H e k n ew th a t o f 1 0 0 0 0 a sp irin g a n d e q u a lly ta le n te d n ew sb o y s in th e U .S .A ., o n ly o n e w o u ld b y c h an c e b e co m e a m illio n a ire . H e k n ew th a t th e G o th ic c a th e d ra ls w e see are th e o nes th a t h ave n o t fallen d o w n . In th e sam e w ay h e re c k o n e d th a t a t v a rio u s tu rn in g p o in ts in h is life ch an ce h a d in te rv e n e d to n u d g e h im th is w ay ra th e r th a n th a t, th a t he h a d b e e n av ailab le fo r a p a rtic u la r p o s t a t a p a rtic u la r tim e w h e n p e rh a p s m a n y o th e rs c o u ld h av e filled it as w ell. T h is m o d e st view , a n d m o d e sty is p e rh a p s n o t th e first a ttrib u te th a t s p rin g s to m in d w h e n try in g to d e sc rib e J o h n B aker, th is m o d e st view o f th e role o f ch an ce m u s t o f c o u rse have som e s u b sta n c e , b u t th e re is an e n o rm o u s m ass o f ev id en ce, su ch as th e 1944 F a c u lty B o ard b lu e p rin t, w h ic h m akes it difficult to accep t th a t B ak er w o u ld n o t h ave g o t on w h a te v e r th e o d d s.
E a r l y l i f e T h e B akers cam e fro m th e C o tsw o ld village o f W in d ru s h a n d , fo r th re e g e n e ra tio n s at least, m o st o f th e m e n w ere p ro fessio n al g a rd e n e rs, several o f som e d istin c tio n . B a k e r's g re a t-g ra n d fa th e r, T h o m a s B aker, o f W in dru s h , w as h ead g a rd e n e r to L o rd S h e rb o u rn e , an d T h o m a s 's e ld e r son, G e o rg e, w as h e ad g a rd e n e r to L o rd R evelstoke in ch arg e o f th e g a rd e n s at M e m b la n d n e a r P ly m o u th (G e o rg e 's g ra n d so n la te r o c cu p ie d th e sam e p o sitio n ).
T h o m a s 's y o u n g e r son J o h n (1838-1924) w as B ak e r's g ra n d fa th e r, a n d it w as J o h n 's e ld e r son J o se p h W illiam (1872-1958) w ho m a rrie d E m ily C aro lin e F le e tw o o d (1 8 7 4 -1 9 5 2 ), a n d w h o w ere B ak e r's p a re n ts. G r a n d fa th e r Jo h n w as S e c re tary and D ire c to r o f R. P . K e rr a n d C o. L td , S e e d sm e n , o f L iv e rp o o l; fa th e r Jo se p h W illiam h a d a s h o rt c aree r in b u sin ess a n d th e n tu rn e d full tim e to e tc h in g an d w a te r-c o lo u r p a in tin g .
B aker w as b o rn on 19 M a rc h 1901 at L isc a rd , C h esh ire , an d he grew u p in th e W irra l in a h a p p y , co m fo rta b le a n d h o sp ita b le m id d le -c la ss h o m e. H is fa th e r's in te re sts c e n tre d on h is p a in tin g a n d his a rtis t frie n d s; his m o th e r w as m o re practical. T h e re seem to have b een no scientific o r te ch n ica l c o n tacts, a n d n e ith e r p a re n t a p p ea re d am b itio u s fo r B aker o r his o ld e r sister-it w as tacitly assu m ed , h o w ev er, th a t th ey w o u ld do so m e th in g w ith th e ir lives. T h e y w ere given th e b e st p o ssib le e d u ca tio n an d th e p a re n ts m a d e som e sacrifices to th is en d .
B aker w e n t at th e age o f 6 to a g irls ' school (Sea B ank H ig h School) b u t w as a lre a d y a c q u a in te d w ith so m e o f th e sy lla b u s; h is siste r h a d s ta rte d a t th e sam e sch o o l tw o y e ars e a rlie r a n d ta u g h t h im d ay b y day w h a t sh e h a d le a rn t. A y e a r la te r h e w e n t to a p riv a te D is c ip lin e a t h o m e a n d a t h is p re v io u s sch o o ls h a d b e e n easy, a n d B ak er fo u n d R o ssall s o m e th in g o f a shock. In te lle c tu a l a n d e th ic a l s ta n d a rd s w ere h ig h , b u t th e re w as n o th in g g e n tle o r g ra c io u s a b o u t th e sch o o l, p a rtic u la rly w ith th e in c re a sin g rig o u rs o f W o rld W a r I. T e a c h in g su ffe re d fro m th e d e p a r tu re o f m a ste rs to th e a rm y , b u t th e s ta n d a rd s in m a th e m a tic s re m a in e d h ig h , a n d B ak er a p p a re n tly re c eiv e d an e x ce lle n t g ro u n d in g in th e su b je c t. In d e e d , in h is p e n u ltim a te y e a r he to o k all th e m a th e m a tic s p riz e s a n d th o u g h t h im s e lf to b e a real m a th e m a tic ia n ; c e rta in ly h e w as a w a rd e d , in 1919, a £ 6 0 O p e n M a th e m a tic a l S c h o la rs h ip to C la re C ollege. H o w e v e r, in th a t final y e ar a t sch o o l, a fte r w in n in g h is s c h o la rsh ip a n d b e fo re s ta rtin g a t C a m b rid g e , h e w as o v e rta k e n b y a y o u n g e r b o y w h o se b rillia n c e c o n v in c e d B ak er th a t h is fu tu re d id n o t lie in m a th e m a tic s .
H e so m eh o w d e te rm in e d to b e a civil e n g in e e r, a lth o u g h n e ith e r h is fam ily n o r th e school a p p a re n tly k n ew m u c h a b o u t th e p ro fe ssio n . H is fa th e r w as a d v ise d th a t th e ro u te w as n o t th ro u g h a u n iv e rs ity b u t th ro u g h a p u p illa g e , b u t h e w as d e te rm in e d th a t h is so n sh o u ld go to C a m b rid g e . I t w as o n ly a fte r h is a rriv a l at C la re C olleg e th a t B ak er fo u n d th a t, as a S c h o la r in M a th e m a tic s, he w o u ld in fact b e allo w ed to re a d M e c h a n ic a l S c ie n c e s ; he to o k th e Q u a lify in g E x a m in a tio n (in m a th e m a tic s a n d m e c h a n ic s) a n d jo in e d th e n ew ly d e v ise d first-y e a r co u rse.
In O c to b e r 1920 th e E n g in e e rin g D e p a rtm e n t w as c ro w d e d w ith re tu rn e d v e te ra n s o f th e w ar, b u t th e n ew c o u rse seem ed to b e d ire c te d m o re to tra in in g n ew ly re tu rn e d le c tu re rs. In an y case th e w o rk w as n o t d e m a n d in g , a n d B aker fo u n d tim e to re a d w id ely in o th e r su b je c ts, p a rtic u la rly F re n c h lite ra tu re . (A la n g u ag e, as w ell as d iv in ity , L a tin a n d h isto ry , h a d b e e n re q u ire d su b je c ts a t R ossall rig h t th ro u g h th e sch o o l.) T h e te a c h in g at C a m b rid g e w as m u c h as it is n o w ; so m e le c tu re rs w ere b rillia n t (for e x am p le, B a k e r's p ro fe sso r, In g lis), a n d so m e w ere d u ll. B ak er to o k firsts in all th re e y e a rs; h e w as g o o d in all su b je c ts, b u t esp ecially in th e th e o ry o f s tru c tu re s .
H e w as n o t in s p ire d b y h is th re e y ears at C a m b rid g e . E n g in e e rin g a p p e a re d to b e an im m e n sely c o m p le x p ro fe ssio n , w h e re e x p e rie n c e w as to b e g a in ed b y s ta rtin g m o d e stly at th e b o tto m in som e in d u s tria l o rg a n i z a tio n ; th e k n o w led g e th a t w o u ld lead one e v e n tu a lly to th e to p w o u ld be g a th e re d o n ly slow ly. T h e r e a p p e a re d to be n o re se a rc h on view in th e D e p a rtm e n t at C a m b rid g e , a n d B aker w as scarcely aw are th a t su ch an activ ity ex isted . H e looked, th e n , fo r an in d u s tria l a p p o in tm e n t, p e rh a p s w ith a chem ical firm su ch as B ru n n e r M o n d (I C I was n o t y et in ex istence), to set h im on th e rig h t ro ad . In 1923, ho w ev er, jo b s w ere difficult to find, a n d B aker w as u n e m p lo y e d fo r six m o n th s (he refu sed som e good a d m in istra tiv e po sts b ecause he w as d e te rm in e d to b eco m e an en g in eer). F in ally , he accep ted on 1 J a n u a ry 1924 a te m p o ra ry p o st fu n d e d by th e A ir M in istry to inv estig ate s tru c tu ra l p ro b le m s o f airsh ip s.
W o r k o n a i r s h i p s B aker w as a p p o in te d as a ssistan t to P ro fesso r A. J. S u tto n P ip p a rd , w ho w as th e n at U n iv e rsity C ollege, C ardiff. (P ip p a rd later m o v ed to th e P ro fe sso rsh ip o f C ivil E n g in ee rin g at Im p e ria l C ollege.) H is jo b w as to d esig n an d b u ild a b ra c ed tu b u la r fram ew o rk hexagonal in cross sectio n (i.e. a p rim itiv e airsh ip s tru c tu re ), to load it, to o b serv e th e stra in s an d so to check th e A irsh ip S tressin g P a n e l's d esig n rules. T h e c o n d itio n s o f w o rk w ere a b o u t th o se o f a m o d e rn P h .D . s tu d e n t; B aker w as left m u c h to his ow n resources at C ardiff, b u t w ith an in te re ste d su p erv iso r, S u tto n P ip p a rd , in th e b ack g ro u n d .
T h e w ork w en t w ell an d B aker tra n s fe rre d to th e R oyal A ircraft W o rk s, C a rd in g to n , in Ja n u a ry 1925 as a re g u la r m e m b e r o f th e design staff. S om e o f th e w ork w as e x p erim en tal, som e th eo retical. B aker was resp o n sib le p a rtic u la rly fo r th e stress calcu latio n s, n o tab ly for th e m ain tra n sv erse space fram es. T h e stru c tu re s w ere exceedingly com plex an d , in a tech n ical sense, highly re d u n d a n t; stra in en erg y m e th o d s w ere used to m ake th e elastic calculations, and these calculations w ere very heavy in an age n o t y et blessed by th e electronic c o m p u te r. M o reo v er, stru c tu ra l th e o ry itself h ad n o t b een developed sufficiently to be ap p lied w ith confidence to th e p ro b lem s b eing tackled, an d B aker h ad a difference o f o p in io n w ith R. V. S outhw ell, c o n su ltan t to th e p ro ject, ab o u t th e v alidity o f som e of th e assu m p tio n s. Specifically, B aker q u e stio n ed th e ap p lica b ility o f S t V e n a n t's assu m p tio n , and asked to be allow ed to m ake tests to verify th e m a tte r.
P erm issio n w as refused, and B aker resig n ed to m ake his ow n tests. H o w ever, he h ad to earn a living, and he re tu rn e d to C ard iff in 1926 as an assistan t le c tu re r u n d e r P ip p a rd . (T h e tw o retain ed a close personal an d academ ic relatio n sh ip th ro u g h th e y ears; P ip p a rd & B aker, The analysis of engineering structures (2)# , first p u b lish e d in 1936, has ru n th ro u g h m any ed itio n s.) B aker used his spare tim e to carry o u t tests on his p rim itiv e stru c tu re , and th e results w ere p u b lish ed by th e Royal A ero nautical Society (12, 13). T h e se pap ers give a first in d icatio n o f th e intense w ork B aker w as p re p a red to p u t in to his p u rs u it of know ledge. T h e m ath em atical w ork w as heavy, and th e ex p erim en ts p a in sta k in g ; m oreover they show ed th a t, for th e p a rtic u la r stru c tu re u n d e r # N um bers given in this form refer to entries in the bibliography at the end of the text.
in v e stig a tio n , B aker w as c o rre c t. H o w e v e r, th e d ifferen ce w ith S o u th w e ll d id n o t p re v e n t B a k e r's re tu rn to C a rd in g to n each v aca tio n to w o rk at th e R .A .W .
T h e o b jectiv e o f th e w hole exercise w as th e d e te rm in a tio n o f elastic stresses, a n d th e c rite rio n fo r success o f th e d e sig n o f th e s tru c tu re w as th a t it w o u ld be k n o w n to b e in a safe sta te o f stre ss u n d e r serv ice c o n d itio n s. T h e te a m e n g ag ed in th e in v e stig a tio n w o rk e d lo n g a n d h a rd , a n d p ro b le m s o f seem in g d ru d g e ry w ere e n liv e n ed b y th e e n th u sia s m o f th o se in v o lv ed . A lesson w as ta u g h t h e re th a t w as n o t fo rg o tte n b y B ak erp rin c ip le s a n d th e o ry are n o t e n o u g h , b u t m u s t be s u p p o rte d b y te d io u s a n d so m etim es b a c k -b re a k in g w ork. H is ow n te am s, la te r o n , w ere m a d e to serve an a p p re n tic e s h ip o f h a rd p ro b le m -so lv in g , a n d th e se la te r te am s, ju s t as th e te a m at C a rd in g to n , w ere in s p ire d b y th e e x c ite m e n t o f th e w hole o p e ra tio n . T h is p a tte rn c o n tin u e d u n til 1928, th e y e ar o f h is m a rria g e , w h e n B aker w as d u e to take u p th e p o s t o f T e c h n ic a l O fficer to th e S teel S tru c tu re s R ese arch C o m m itte e (S .S .R .C .), o f w h ic h b o th In g lis a n d P ip p a rd w ere m e m b e rs. H o w ev e r, at C h ris tm a s o f th a t y e ar he fell serio u sly ill w ith a lu n g in fe c tio n , e u p h e m istic a lly called V in c e n t's A n g in a , b u t a lm o st c e rta in ly tu b e rc u lo sis. T h e re w as no im p ro v e m e n t a fte r th re e m o n th s an d th e n e x t six m o n th s w ere sp e n t in a s a n a to riu m in n o rth W ales. B aker w as d isc h a rg e d w h e n he w as n o lo n g e r ab le to p ay th e fees, a n d w as to ld he w o u ld n e v e r be able to w o rk again. N e ce ssity d ro v e h im b ack to w o rk in J a n u a ry 1930, a n d b y th e m id d le o f th a t y e ar he w as sh o u ld e rin g th e full re sp o n sib ilitie s o f T e c h n ic a l O fficer to th e S .S .R .C . V ery few knew , in la te r life, th a t B ak er h a d b e en w ritte n off in h is tw e n tie s.
T h e S t e e l S t r u c t u r e s R e s e a r c h C o m m i t t e e S te e l-fra m e d s tru c tu re s h a d b een in ex isten ce since th e tu r n o f th e c e n tu ry , a n d b y th e late 1920s th e re w as a m u ltitu d e o f b u ild in g re g u la tio n s in use th ro u g h o u t th e w o rld . T h e steel in d u s try set u p th e Steel S tru c tu re s R esearch C o m m itte e to try an d b rin g som e o rd e r in to th is chaos, a n d one o f th e ir first acts w as to p a tc h to g e th e r a 'C o d e o f P r a c tic e ' fro m ex istin g d ata. T h e C ode w as m e a n t to be a te m p o ra ry e x p ed ie n t, b u t it w as accep ted at once b y th e L o n d o n C o u n ty C o u n cil, an d fo rm ed th e basis of B ritish S ta n d a rd 449, a sta n d a rd w hose g h o st, n early 60 years later, is o nly now b e in g ex o rcised .
T h e C o m m itte e , in a d d itio n to its e m in e n t p ro fesso rs, h a d lead in g re p re se n ta tiv e s fro m th e c o n su ltin g an d c o n tra c tin g w o rld as w ell as fro m th e g o v e rn m e n t research statio n s. 
T h e C o m m itte e w ere in te n t, h o w ev er, on m a k in g p ro g ress. T h e y d isco v e re d w h a t w as w ro n g w ith th e desig n p ro cess to p ro H eureux qui, comme U l y s s e , a fa it un beau voyage. I t m satisfacto ry , at th e age o f 35, to have c o m p le ted a m a jo r scientific in v e stig atio n , to have p u b lish e d th e re su lts, to have b een a w ard ed th e p re m ie r gold m ed al o f th e In s titu tio n o f C ivil E n g in ee rs, to have b een a p p o in te d a p ro fe sso r in a m a jo r u n iv e rsity , an d to have given en g in eers a n ew w ay o f d esig n in g th e steelw ork fo r th e sk y scrap ers o f th e fu tu re . T h e new m e th o d w as, to be su re, com plex, at least w h e n m e a su re d ag ain st th e u tte r sim p licity o f th e irra tio n a l C ode o f P ractice, b u t it w o u ld be su re to m ake its w ay in tim e because of its ratio n a lity an d its in h e re n t econom y. It m u s t have b een all th e m o re u p s e ttin g for B aker, at th e age o f 35, to realize, even as th e final re p o rt of th e Steel S tru c tu re s R esearch C o m m itte e w as b ein g w ritte n , th a t he h ad essentially w asted his tim e fo r th e last 8 years. A sm all stee l-fra m ed cin em a w as u n d e r c o n stru c tio n in B ristol. T h e C o m m itte e 's new m e th o d co u ld deal w ith th e steel skeleton in its m o st sim ple fo rm o f re g u la r arrays o f c o lu m n s an d h o riz o n ta l b eam s, th a t is it c o u ld deal w ith g reat office blocks an d w ith skyscrapers. I t co u ld n o t deal w ith th e c u rv e d g ird e r of th e cinem a balcony, o r w ith th e lig h t steelw ork of th e p ro je c tio n room . W h a t h ad b een p ro d u c e d w as a m e th o d for h a n d lin g one p a rtic u la r ty p e o f s tru c tu re -a ratio n al u n iv ersal m e th o d for steelw ork design was as far aw ay as ever.
T h e 8 years w ere n o t ab solutely w asted , of course. V ery m u c h m o re was k n ow n in 1936 a b o u t th e real b e h av io u r o f steel fram es th a n h ad b een k n ow n at th e s ta rt o f th e in vestigation. A n d , m o st im p o rta n tly , it was seen th a t an end of a road h ad been reached. T h e re w as no p o in t in refining still fu rth e r elastic m e th o d s of d esig n ; th e real w o rld o f th e cinem a balcony w as too com plex for th e re to be any h o p e fo r tra d itio n a l design m eth o d s. B ut th e re w as as yet no sig n p o st to th e w ay fo rw ard .
P l a s t i c t h e o r y
T h e In s titu te o f W eld in g had been in te re sted in th e w ork of th e Steel S tru c tu re s R esearch C o m m ittee, and B aker received s u p p o rt for his later w ork fro m th e W eld in g R esearch C ouncil an d , fro m 1946, fro m th e new ly fo rm ed B ritish W eld in g R esearch A ssociation. In d e e d , th e esta b lish m e n t in 1946 o f a research in stitu tio n at A b in g to n , seven m iles fro m C am b rid g e, having close co n tacts w ith B aker and th e E n g in ee rin g D e p a rtm e n t, is a very early exam ple of w h at is now know n as th e C am b rid g e P h en o m en o n .
In 1936 only very sm all sum s o f m oney w ere available, b u t th e In s titu te of W eld in g p ro v id e d fu n d s to em ploy an assistan t at B ristol, Jo h n R oderick, later to be P ro fesso r o f C ivil E n g in ee rin g at Sydney. F u rth e r, B aker was enabled to travel in G e rm a n y an d to visit u n iv ersities in th e w ake o f a C ongress held in B erlin. O ne section o f th a t C ongress h ad discussed th e inelastic b e h av io u r o f steel s tru c tu re s-th e ir b eh av io u r w h en they w ere loaded bey o n d th e ir elastic lim its, an d p e rm a n e n tly d efo rm ed from th e elastic to th e plastic state, u n til th ey finally collapsed. Several w orkers w ere involved; B aker m et M a ie r-L e ib n itz o f S tu ttg a rt.
M aie r-L e ib n itz had c o n trib u te d to th eo ry , and he h ad loaded e x p e ri m en tal beam s u n til they reached plastic collapse. If one statem e n t sh o u ld be m ade a b o u t B ak er's c o n trib u tio n to stru c tu ra l th eo ry , it is th a t he realized, im m ediately and w ith absolute certain ty , th a t th e w ay ahead lay in th e ex p lo itatio n of plastic th e o ry ; m oreo v er, he h ad th e d rive and d e term in a tio n to develop th a t th eo ry to th e p o in t w here it is accepted w orld w ide. It was n o t to be an easy way ah ead ; false p ath s w o u ld be follow ed and d e to u rs had to be m a d e ; road blocks had to be cleared w ith th e by now cu sto m ary b ack -b reak in g labour. B u t th e sig n p o st was th ere, and was read correctly by B aker-his life's w ork h ad begun.
T h e rev o lutionary idea o f plastic th eo ry is very sim ple. W e re q u ire o u r b u ild in g s to stan d u p , so th a t we can use th e m safely. T h e con v en tio n al designer, th e elastic designer, a tte m p ts to calculate th e actual state o f th e stru c tu re , so th a t he can assure h im self th a t th e b u ild in g is safe. T h e plastic d esigner m akes a trivial inversion of th e design s ta te m e n t: in stead of re q u irin g a b u ild in g to stan d up, he req u ires it n o t to fall dow n. T h e q u estio n the plastic d esigner asks is th e n n o t how a b u ild in g co m p o rts itself u n d e r its loading, b u t ra th e r how it could possibly collapse u n d e r an overload. T h is collapse concept involves com pletely d ifferen t calcula tions, referrin g to p e rm a n en t plastic d eform atio n s ra th e r th a n h y p o th e tic al elastic states (w hich th e Steel S tru c tu re s R esearch C o m m itte e fo u n d w ere n o t even ob serv ab le in p ractice). A n d it tu rn s o u t, as a tech n ical m a tte r, th a t p lastic calcu latio n s give a far m o re accu rate re p re se n ta tio n o f reality th a n elastic calculations.
T h e reason th a t calcu lated elastic states c an n o t be o b serv ed in p ractice is th a t an e n g in ee rin g s tru c tu re is hig h ly sensitive to very sm all im p e r fections. A slight m ism a tch o f g eo m etry , w h e th e r in m a n u fa c tu re o r in settin g o u t, w ill lead to large strain s (and h ence large associated stresses) o f th e w hole stru c tu re . T h e elastic d e sig n e r m u s t m ake th e a ssu m p tio n th a t his s tru c tu re is p erfect, b u t his calcu lated stresses th e n refer only to th a t p e rfe ct stru c tu re , an d n o t to any real co n stru ctio n .
T h e elastic d e sig n e r's a ssu m p tio n s do, how ever, seem reasonable, even if th e y lead to a p p aren tly u n o b serv ab le elastic states; co m m o n sense w o u ld lead one to believe th a t a trivial defect c an n o t really affect th e s tre n g th o f th e s tru c tu re . C o m m o n sense is in th is in stan ce c o rre c t; th e p arad o x is resolved by co n clu d in g th a t th e calcu latio n o f elastic stresses is n o t really relev an t to th e p re d ic tio n o f stre n g th . T h e stre n g th o f a p ractical s tru c tu re does n o t d e p en d on an elastic stress reach in g som e lim it at one p o in t in th e s tru c tu re ; it is given by th e steady d ev elo p m en t of u n accep tab ly large d efo rm atio n s. B aker left B ristol at th e o u tb reak of w ar to becom e Scientific A dviser to th e M in istry of H om e S ecurity, at P rinces R isb o ro u g h . H e established th ere th e D esign and D ev elo p m en t section of th e R esearch and E x p e ri m en ts D e p a rtm e n t, w here his first concern, d u rin g the ' p h oney w ar ', was to consider th e p ro tectio n of p ro d u c tio n by th e co rrectio n of th e design of w artim e factories. T h e se w ere subject to th e p h en o m en o n of ' spreading co llap se' from initially slight bom b dam age. F u rth e r, alm ost all the stan d ard form s of air raid shelter w ere unsatisfactory. T h e exception was the A nderson dom estic shelter, w hich was stru ctu rally sound b u t liable to flooding in the w inter.
Baker realized th at the plastic approach gave the key to the design of all stru ctu res subjected to bom b explosions. T h e secret was to provide the stru c tu re w ith continuity and ductility, so th a t enorm ous am o u n ts of energy could be absorbed w ith o u t collapse or dam age to the occupants. W ith these principles, new types of stan d ard shelters, in cluding brick surface, w ere designed, and tren ch linings and basem ent stru ttin g could be p ro p ortioned. T h e w hole of this story, from 11939-43, has been told by Baker in Enterprise versus bureaucracy (6). 1 T h e m ost spectacular application of plastic thejory was to the M o rriso n s h e lte r; over a m illion w ere m ade and over a q u a rte r m illion tons of steel w ere used. T h e intellectual basis of this design was b o th sim ple and elegant, and unattainable, indeed unthinkable by the conventional elastic designer. T h e shelter, of the shape and size of a dining table u n d e r w hich the fam ily could sleep, was req u ired to squash dow n plastically by no m ore th an 12 inches if the house collapsed. T h e energy released in the collapse of a house can be estim ated w ith som e accuracy; the energy absorbed in the plastic deform ation of steel can be calculated alm ost exactly. E q u atin g the tw o gives the design of the shelter.
T h e re is a curious postscript to the story of the M o rriso n shelter. Som e nine years after its invention, in 1950, Baker m et M o rriso n in C am bridge, and told him th at he was applying for an aw ard for the design of the shelter. M orrison com m ented, apparently seriously, 'B ut I th o u g h t I designed it m y self'. It is difficult, now , to know w hat to m ake of this exchange. M orrison m ay well have th o u g h t th a t the idea of a table by day and a bed by n ight had been his, and th a t this was the 'd e sig n ' of the shelter. T h e evidence is, in fact, th at Baker had m ade the 'd e sig n ' in this sense, as well as m aking the plastic calculations. A nd there is a th ird stage in any engineering project, w hich Baker was at pains to teach every stu d en t at C am bridge. T h e engineer's jo b does not stop after he has had the idea, n o r yet after he has m ade the calculations-the engineer m u st ensure th a t his design is actually built. T h e re w ere, in the event, form idable difficulties, in w artim e B ritain, in actually co nstructing the M orrison shelter. In 1950, shortly after B aker's conversation w ith M orrison, the Royal C om m ission on A w ards to In v en to rs was in no d o u b t about agreeing to B aker's claim , and he was aw arded the sum of £3000. A few m o n th s before th is B aker m et, at a conference, W . P rag er. P rag er, a refugee fro m G e rm a n y , had m ade his way to B row n U n iv e rsity in P ro v id en ce R I in th e early years o f th e w ar. H e was an e n g in eer by tra in in g an d a pow erful self-ta u g h t m ath em atician , an d he w as aw are (from R u ssian sources) o f th e m ath em atical th eo rem s of plasticity. P rag e r an d B aker w ere very d ifferen t m en, and n ev er estab lish ed a close re la tio n s h ip ; at th e ir first m eeting, how ever, they realized th a t each h ad m u ch to offer th e o th e r. B aker had a w ealth o f practical know ledge an d P rag e r could su p p ly th e fram ew ork o f m ath em atical su p p o rt. T h e y agreed to establish exchanges b etw een th e ir universities for you n g m em b ers of staff, and from 1948 for a few years visits o f one or tw o y e ars' d u ra tio n w ere arran g ed across th e A tlantic.
B aker h ad always tackled his p ro b lem s head on. T h e assault on th e m o u n ta in took place on a b ro a d fro n t, w ith p ain stak in g u n ifo rm m oves fo rw ard. I f th e w ork w as held u p at one p o in t, th e n o th e r w ork was delayed u n til th e block had been cleared. P rag er, on th e o th e r h an d , w ould p u rsu e any im p o rta n t road th a t w ent in th e rig h t d irectio n , and w ould leave u nsealed peaks b e h in d him , unsolved p ro b lem s, p erh ap s to be re tu rn e d to later. It w ould som etim es h ap p en th a t, view ed from b eh in d , the unsealed peak was seen to be irrelevant to th e progress of the w ork or, alternatively, a previously h id d e n p a th to th e su m m it w ould be revealed.
T h e cooperation betw een C am bridge and B row n universities was very fru itfu l; th ere was im p o rtan t jo in t w ork (for exam ple on the repeated loading of stru c tu re s); the C am bridge team , once in possession of the u n d erly in g principles, could begin to establish a ro u n d e d account of the engineering th eo ry of plasticity; and th e A m erican w orkers developed a pow erful m athem atical fram ew ork for th a t th eo ry , w hich they p u sh ed forw ard in areas of practical im portance.
D u rin g this period in w hich B aker was doing th e w ork w ith w hich his nam e is inseparably linked, he was also refo rm in g th e teaching at C am b ridge, expanding th e teaching staff and establishing the new lab o ra tories. H e was also w riting. In th e 1950s, w ith plastic th eo ry firm ly established, he p u b lished a m assive tw o-volum e account of th e histo ry of the steel skeleton, covering the period of th e Steel S tru c tu re s R esearch C o m m ittee th ro u g h to th e developm ent of plastic design rules. In the late 1960s, w ith plastic th eo ry a central p a rt of u n d e rg ra d u ate courses, he devised a tw o-volum e text on the plastic design of fram es for th e use of stu d en ts. D u rin g this period, also, he served on various national bodies. F ro m 1953 to 1963 he was a m em b er of the U n iversity G ra n ts C o m m ittee. H e was a m em b er of C ouncil of the In stitu tio n of Civil E ngineers. H e took p art in an in q uiry for th e M in istry of T ra n s p o rt into the feasibility of adding a road above th e rail track to B enjam in B aker's F o rth B ridge, and in an o ther inquiry for the C entral E lectricity G en eratin g B oard into the cause of the collapse of the T y n e crossing tow ers. In C am bridge, from the 1940s th ro u g h to th e 1970s, he played a full p a rt in ad m in istratio n , serving on the G eneral B oard and on the F acu lty B oards of o th er d ep artm en ts.
Baker had an extraordinary energy, b u t he could n o t have done all he did w ith o u t th e p rotection of his fam ily. B aker's ow n do o r at the U n iv ersity was always open, b u t F iona shielded him from the b u rd en s of dom estic arrangem ents, and m ade sure th a t his energies w ere conserved for w hatever he w anted to do. Baker indeed led a full social life, b u t he was no t always easy w ith strangers. H e could be tactless-com plaints in the C om m on R oom about levels of surtax did n o t always receive sym pathy from struggling ju n io r lecturers. H e was som etim es prickly, and he som etim es had a quick tem p er, and the fam ily, and friends, had occasionally to sm ooth over som e tem porary m isu n d erstan d in g . Baker relied very m uch on his h o m e ; children and g ran d ch ild ren w ere freq u en t visitors, and he and F iona en tertain ed and w elcom ed visits from a w ide circle of friends and colleagues. P ublic honours w ere perhaps slightly slow in com ing. T h e O .B .E . was aw arded in 1941, and it was to be 20 years later th at he was knighted.
A cadem ic honours, how ever, arrived early. T h e gold m edal of the In stitu tio n of Civil E ngineers was followed by m any others; he played a charm ing game in w ondering w hether he could acquire gold m edals faster than grandchildren. H e had m ore honorary doctorates than he could rem em ber. H e was m ade a Fellow of the Royal Society in 1956. Finally, in 1977, he was m ade a life peer.
Baker enjoyed being a lord. H e liked the break of a few days each m onth in L ondon, and the atm osphere of W estm inster, and he played a m ajor p art in several m em orable debates. H e liked also to visit for a few days the stru ctu ral firm of w hich he was a director, w hich m aintained his contact w ith the real w orld of engineering, and from w hich he retu rn ed refreshed to C am bridge and to Fiona. H appy indeed is he, who, like U lysses, has m ade a splendid voyage, or like that other who achieved the fleece, and then returned to hom e and family, full of w isdom , to live out his life in peace.
Alas, Fiona died in 1979. Baker was afflicted w ith irritating disabilities to his eyes, b u t he continued to receive his friends at hom e, to lunch in his College and to dine on occasion. H e was active to the last, and on the night before he collapsed he had been at a College function in honour of a colleague. D espite the m iseries of the last few years, and some fits of depression, he was still buoyant-he had, after all, m ade a great voyage, he had achieved his fleece, and he knew it to be gold.
It is ju st possible that even Baker did not know how pure the gold was. He had constructed a theory, the plastic theory, as he thought to discuss the behaviour of steel frames. It turns out that the theory is universal, and can be applied to any m aterial that is used for building. T h e new theory of general structural design is applicable to the medieval cathedral and to the skyscraper. T h e simple intellectual inversion, which seems a truism , was finally proved to be absolute.
If the designer can find any state for a building for which it is not at collapse under given loads, then the building is bound by the iron laws of m athem atics to be safe under those loads. T h is is the m aster theorem of simple plastic theory, a theorem used, consciously or unw ittingly, by every structural designer. 
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